Three anti-keratin MAbs were used to identify keratins expressed in early embryos of Bufo bufo gargarizans . MAb AF5 recognized three polypeptides of keratin in oocytes, fertilized eggs, up to neurula with Mr of 68, 65 and 60Kd respectively. At tailbud stage, three other keratins (62, 58 and 54Kd) began to express and could be detected by AF5. MAbs D10 and K12 gave different results, both of them could identify four keratinlike molecules with unusual molecular weights (Mr 98, 95, 30 and 27 Kd). Moreover, D10 could also detect a 54 Kd keratin in neurula and tailbud stage embryos, while K12 could reveal, beside 54Kd keratin, other four more keratins (68, 65, 62 and 60 Kd). The possible interpretation of these results and their implications are discussed.
INTRODUCTION
Expression of specific subclasses of intermediate filaments is currently considered as one of the best indicators of tissue differentiation and a good marker of embryonic development, although it is not fully understood why this diversity is required or what role it plays in cell and tissue physiology [1, 2] . Keratin (or cytokeratin) is an epithelial-specific intermediate filament protein. It constitutes the dominant class (or classes) of intermediate filaments from early embryogenesis onwards, even oocytes contain the keratin [3, 4] . So far, 30 different polypeptides of keratin have been identified, with molecular weights covering the range of 40−70 Kd [5] . Specific subsets of different keratin polypeptides are expressed in different epithelia, depending on their origin, stage of development or type of differentiation. To date, few studies have been carried out on the ontogeny of the embryonic expression of keratin polypeptides.
In mouse, cytokeratins are thought to be expressed before the primitive streak stage [4, 6, 7, 8] . Then, they are replaced by vimentin in primary mesenchyme cells [9] . Expression of other intermediate filaments, namely desmin, GFAP and the neurofilament proteins, has been demonstrated to be a sign of definite commitment of embryonic cells to differentiate into muscle tissue, glial cells or neurons respectively [10] . Also, a 40 Kd keratin is identified to have a property of stage-specific expression [11] .
In Xenopus laevis , intermediate filaments have been found in oocytes and early embryos [12, 13, 14] . Godsave et al reported that cytokeratin-containing filaments appeared during early oogenesis, changed their distribution during oocyte differentiation and further changed in fertilized egg and early embryo stages [3] . Several keratin MAbs against Xenopus laevis were raised to detect keratins of the tadpole by Western blotting. Results gotten form these MAbs were slightly different [15] . Jonas et al prepare a cDNA library by selecting out RNA molecules present in .Xenopus gastrula but not in the egg. They found that the expression of type I keratin gene DG81 is limited to pre-adult developmental stages. DG81 is the earliest activated tissue-specific marker reported so far in Xenopus laevis [16] . Recently, another keratin gene XenCK55(5/6) of type II was identified to be transcribed first at St. 11 of Xenopus laevis [17] . In Xenopus oocytes and early embryos, there existed 3 keratins with Mr of 42, 46 and 56 Kd [12] .
Keratin is both an epithelial-specific protein and an important cytoskeletal ingredient [2, 5] . In this paper, we choose Bufo bufo gargarizans as material to study keratin expression during early development of embryo. The results will provide some evidence that how keratin behaved in the early embryos of Bufo bufo gargarizans , which is very important for further research of keratin function in embryonic development and cell differentiation.
MATERIALS AND METHODS

Animal
Adult specimens of toad (Bufo bufo gargarizans ) wore collected from Beijing northern suburbs.
Embryos
Female toads were injected with pituitary bodies. One day later, artificial insemination was performed and embryos of various stages of development were stored at −20℃ for use. Developmental stages were identified according to Mathews [18] . The experiments were repeated for three times.
Extraction cf Cytoskeletal Proteins
Cytoskeletal proteins from embryos and epithelial cells were prepared according to Reeves [19] , Epidermis was separated from derma by immerging the skin overnight in CMFB(88mM NaCl, 24mM NaHCO3, 15mM Tris, pH 7.8) containing 3 mM EDTA with continuous stirring. Epidermis or embryos were homogenized, extracted twice with 0.1 M PBS (pH 7 .4)and then centrifugated (20,000g, 30mins, 4℃). Pellets were extracted with ethanol and ether, each for several times. The pellet was further dissolved in the solution of 0.1M sulfhydrylethanol, 0.1M ethanolamine, 8M urea by 24 hrs stirring, then centrifugated as above. The supernatant was stored at −20℃. Control experiments were done using supernatants from embryo bomogenate prepared by a solution of 3% SDS and 5% sulfhydrylethanol in PBS.
SDS-PAGE
SDS-PAGE (Sodium Dodecyl Sulfate−Polyacrylamide Gel Electrophoresis) was performed as described by Laemmli [20] . The concentration of separating gel is 7.5%.
Immunoblotting (or Western blotting)
Immunoblotting was done according to Towbin [21] . The first antibodies used were mice anti-human keratin MAb K12 (kindly provided by National Vaccine and Serum Institute, Beijing), mice anti-human keratin MAb AF5[22, kindly provided by Prof. Fan Weike] and mice anti-Xenopus keratin MAb D10 (prepared in our Lab). Alkaline phosphatase labelled rabbit anti-mouse IgG (from BIO-RAD Co. ) served as the second antibody.
RESULTS
Electrophoretic separation of the cytoskeletal protein preparation obtained from embryos and from epidermis of Bufo bufo gargarizans was done to determine the Mr of cytoskeletal proteins. Protein bands were different among various embryonic stages. In addition, some trace ingredients were not shown well due to less sensitivity of SDS-PAGE technique. In order to detect keratins specifically, the technique of immunoblotting was employed. By comparing SDS-PAGE with immunoblotting, we can get clearly the Mr of expressed keratins in early Bufo embryo. Three anti-keratin MAbs were used in our study, namely AF5, K12 and D10.
First, we used AF5 which has been well characterized with mammalian tissues, especially human tissues, reacting specifically with epidermis, except for basal cells, to detect keratins. The staining pattern by this antibody is shown in Fig. 1 and Table 1 , from which we see that:
1. Oocytes contain keratins of 60, 65 and 68 Kd, i. e., same as those of blastula, gastrula and neurula.
2. At tailbud stage, three additional types of keratins are expressed (54, 58 and 62 Kd).
3. The adult epidermis contains 7 kinds of keratins, which are not the same as the tailbud stage embryo's.
In our study, we prepared Xenopus MAb D10, which can specifically identify keratins (Fig. 2) . It was revealed that all keratins in Hela cells can be recognized by D10 (Yu et al, unpublished observations). Using D10, we identified a 54 Kd keratin, which was first detected in neurula. Four keratins-like molecules with unusual molecular weight of 98, 95, 30 and 27 Kd were also identified in all stages of the early embryos. But, none of them appeared in adult epidermis. To eliminate the possibility of keratin polymerization and breakage by high concentration of urea, we did control experiments using embryo homogenates made by a solution of 3% SDS and 5% sulfhydrylethanol. The result was the Keratin expression pattern in the early embryo of Bufo bufo gargarizans same as that shown in Fig. 2 .
We have also detected keratins of toad embryos using mice antihuman keratin MAb K12. The results were summarized in Table 1 . Fig. 3 represented the keratin staining pattern of gastrula and neurula, with 5 distinct polypeptide bands of Mr 54, 60, 62, 65, and 68 Kd, and four unusual keratin-like molecules (98, 95, 30 and 27 Kd) (30 Kd band is not so clear, possibly due to low content). The pattern was similar to that obtained by AF5 in tailbub stage, except for unusural keratins which were also identified by MAb D10 (Fig. 2, Table 1 ).
DISCUSSION
Our results obtained both by MAbs K12 and D10 show that four unusual keratins are among the earliest expressed keratins of Bufo embryo. The control experiment, using supernatant from embryo homogenates prepared by a solution of 3% SDS and 5% sulfhydrylethanol, also leads to the same result. So, the possibility of keratin polymerization and degradation by high concentration of urea during keratin extraction is eliminated. Even though, whether SDS and sulfhydrylethanol (both of them existed in extraction buffer) do break down keratin proteins during the manipulation of immunoblotting is unknown. However, no keratins with molecular weight outside the range of 40−70 Kd have been reported by previous workers when extraction was carried out using SDS and sulfhydrylethanol [19, 23] . Therefore, whether these high and low molecular weight keratinlike molecules in Bufo represent the complexes of keratins and its binding proteins or ever aggregates of differenb isoforms of acidic and basle keratins, or represent the degredation products remain to be studied [24] .
Xie JW and HJ Yu. As regards to the different keratin pattern during the development, we have demonstrated immunohistochemically with MAb AF5 that keratin filaments exist in Bufo oocytes and fertilized eggs (Xie and Yu, unpublished observations). Results in this paper revealed the existence of keratins and keratin-like molecules (98, 95, 30 and 27 Kd by MAb D10; 68, 65 and 60 Kd by MAb AF5 and all these 7 by MAb K12) in oocytes and early embryos. We supposed that keratin filaments, in Bufo early embryos may be composed of keratins already existed in oocytes 68, 65, and 60 Kd), and largely of 98, 95, 30 and 27 Kd keratin−like molecules. During the development of embryo, other keratins are gradually expressed and assembled into keratin filaments.
Comparing keratins of Bufo adult epidermis with that of early embryo (see Table 1 ), we find that some keratins of adult epidermis, like 65 and 60 Kd keratins, already existed in oocytes, while others came into being one by one during development. 54 Kd keratin was first detected in gastrula (Fig 3) , and 58 Kd keratin began to express in tailbud embryo (Fig 1) . Using AF5, we can not identify 68 Kd molecule in adult epidermis, while in embryo, we could. We think further work is needed to confirm the property of 68 Kd keratin. According to the principle of keratin filament assembly, keratins should come into being in pairs during embryonic development [5] . As shown above, most keratins of Bufo embryo appeared singly during early embryonic development. Study on keratin expression of mouse embryo also revealed that most kertins come into being one by one [6] . But, during mammalian epidermal differentiation, keratins emerge mostly in pairs [24] . From this point, we can see that further study on keratin expression in amphibian embryo is deemed necessary in order to clarify the mechanism of filament assembly in early embryonic development. We have identified several soluble keratins in early embryo and tadpole epidermis by immunoblotting (Xie and Yu, unpublished observations). May be, the early expressed keratin exists as soluble ingredients before the filament is formed. Morever, studies on epidermis differentiation lead to the conclusion that larger keratins are abundant only in differentiating epidermal cells, smaller keratins are present in many simple epithelia. From human epidermis, the commitment of basal cells to terminal differentiation and stratum cornea formation seems to be correlated with increased synthesis of larger keratins in 63-70 Kd range [24, 25] . In our study, however, larger keratins(Mr 60, 62, 65 and 68 Kd) appeared already in early Bufo embryos. The nature of such difference is not known.
Keratin expression during ear]y embryonic development of Bufo bufo gargarizans as revealed by MAbs AF5, D10 and K12 displayed some minor difference. AF5 debected 54 Kd molecule first in tailbud stage, while K12 and D10 identified it first in gastrula and neurula stages respectively. This discrepancy cannot be correctly assessed at the moment, since Hu and Fan have shown that AF5 does stain keratinocytes, but not basal cells, of human epidermis [22] , while we found that D10 and K12 can stain the whole epidermis. Further characterization of the epitope specificity of MAbs AF5, D10 and k12, and the preparation of more MAbs for Bufo keratins and the characterization of many keratin-like molecules from Bufo embryos are all needed before we can answer many questions arisen from this preliminary work.
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